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Industrial waste that contains heavy metal can cause environmental 
problem because of its toxicity, persistency and accumulation level in the 
environment. Biosorption process is highly influenced by temperature, pH, 
light, contact time, and ratio of surface area. Microalgae which possess two 
functional groups that are able to react on metal ion in a solution can be 
exploited to overcome environmental pollution due to heavy metal 
compound. Closed cultivation system in a photobioreactor is utilized to 
overcome contamination and evaporation problems on open pond system. 
Heavy metal analysis is conducted by utilizing Atomic Absorption 
Spectroscopy (AAS), Fourier Transform Infra-Red (FTIR), and Scanning 
Electron Microscope (SEM). This article provides information on 
biosorption as alternative technology to overcome heavy metal in water 
areas with no side effects on the environment with advantages of the 
absence of secondary pollutants, high level of efficiency, and relatively 
economic compared to physic-chemical method heavy metal removal 
methods. 
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Heavy metal pollution is one of the current environmental problems. The development of 
industrial sectors such as mining and electroplating sectors have created potential pollution in 
the environment. The maximum amount of heavy metal is regulated in Regulation of the 
Minister of the Environment of the Republic of Indonesia Number 5 of 2014 concerning 
Wastewater Quality Standards, particularly in Appendix I concerning Wastewater Quality 
Standards for Metal and Galvanized Coating Businesses and/or Industrial Activities. If the 
amount of heavy metal compound is excessing the minimum standard, it can bring negative 
effects on human health which varied based on its ability to be attached on different parts of 
body cellular. Heavy metal possesses toxic compound that inhibits enzyme productions and 
performance which can disrupt metabolism in a long period. Heavy metal can cause allergy, 
mutagen, teratogen or carcinogen on human. Besides that, the toxicity level of a heavy metal 
compound is highly depended on certain factors such as the type, nature, biological role, and 
period of exposure on a single organism (Shah, 2005; Abbas, 2014; Chalivendra, 2014; Kushwah, 
2015). Water ecosystem pollution on water influence the ability of an organism to reproduce.  
Since the Minamata mercury accident in Japan that was widely reported in 1953, more and 
more heavy metal pollution problems have occurred in various countries. Like other sources of 
environmental pollution, heavy metals have a wide transfer range in the environment. 
Mirghaffari et al., (2015) and Goher (2016) state that high toxicity raises anxiety about the 
presence of heavy metals in the environment because it is harmful to human health and life in 
the environment. At low concentrations, heavy metal ions will have a direct impact because 
they can accumulate in the food chain. 
Handling water pollution caused by heavy metals can be done by physicochemical methods 
such as adsorption, chemical precipitation, reverse osmosis, coagulant, and ion exchange 
(Anastopolous, 2015; Lestari, 2016; Lieswito, 2019). The advantages of the physicochemical 
method are highly efficient, works effectively at high concentrations of heavy metals, and the 
use of adsorbents could be controlled. However, the weakness of this physicochemical method 
are that it requires high costs and a lot of energy, and the use of coagulants causes secondary 
pollution (Rinanti et al., 2017). Therefore, the biotechnology approach through the sorption 
process by microorganisms is carried out as an effort to overcome the problem of pollution in 
the environment due to heavy metals. Biosorption by microorganisms such as bacteria and 
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microalgae are often more effective than the use of physicochemical methods. 
Biosorption is the process of binding metals by inactive (dead) and living organisms. The 
advantages of the heavy metal sorption process are that the process is fast, the rate of removal 
is high at low concentrations of heavy metals, and it is selective. Biomass, contact time, type, 
and surface area of biosorbent will affect the effectiveness of biosorption (Goldman, 1974; 
Edris, 2014; Rinanti, et al., 2017; Purba, 2018; Kumar, 2018; Lieswito, 2019). 
This literature study discusses on the effort to overcome heavy metal pollution on water by 
using biotechnological approach through microalgae sorption process. We will also discuss the 
specific environmental factors that produce highest efficiency level on heavy metal removal 
process by microalgae biosorbent, the involved function groups during heavy metal ion removal 
process, and morphological shape changes during heavy metal ion removal process. 
 
2. HEAVY METAL POLLUTION IN WATER 
 
The negative impact of the industrialization process is the emergence of water pollution due to 
the entry or inclusion of industrial waste containing heavy metals without prior processing. This 
will cause a decrease in water quality and disrupt the environmental balance. The highest levels 
of heavy metals contained in wastewater have been regulated in the Regulation of the Minister 
of the Environment of the Republic of Indonesia Number 5 of 2014 concerning Quality 
Standards for Wastewater, especially Appendix I concerning Wastewater Quality Standards for 
Metal Coating Businesses and/or Galvanized Industrial Activities and (see Table 1). 
 
Table 1 Waste water quality standard 
 
Parameters Highest Grade on Metallic 
Plating (mg/L) 
Highest Grade on 
Galvanization (mg/L) 
TSS 20 20 
Cu 0.5 0.5 
Zn 1.0 1.0 
Cr6+ 0.1 - 
Cr 0.5 - 
Cd 0.05 0.05 
Pb 0.1 0.1 
Ni 1.0 1.0 
CN 0.2 0.2 
Ag 0.5 0.5 
pH 6-9 6-9 
Highest quantity of 
wastewater 
20L per m2 of metal plating 
product 
2L per m2 of metal plating 
products 
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Heavy metal compound is a toxic pollutant that can cause growth, behavioral, and 
morphological characteristic formation disorders on various organism in water, on the worst 
case it can also cause death. Heavy metal can enter organism through gills, skin, digesting 
system, muscle and liver. Heavy metal can be rapidly distributed throughout organisms’ bodies 
depend on their affinity, blood flow system, cellular membrane, and responses towards heavy 
metal compounds. Heavy metal will be accumulated on organs after the distribution process. 
Heavy metal accumulations are often found on digestive system, especially on stomach. Heavy 
metal accumulations are also reported to be located on respiratory system. On land animals, 
heavy metal compounds are often accumulated on their alveoli meanwhile on water animals 
heavy metal compounds are often accumulated on gills. The negative effect on human health 
can be detected if human consume water organisms that contain heavy metal compounds. The 
example of these negative effects can be found in forms of sore throat, dermatitis, allergy, 
anemia, kidney failure, and pneumonia (Shah, 2005). 
The content of heavy metals in water is influenced by physical and chemical parameters. 
The water conditions, currents, tides, and waves are oceanographic factors that play a role in 
the distribution of heavy metals in the waters. The toxicity of each heavy metal is not the same, 
depending on the nature of the anions and cations possessed by the heavy metal. In water, 
heavy metals will form complex solutions with organic and inorganic compounds, while 
insoluble compounds are colloidal particles and metal group compounds that adsorbed on 
suspended particles (Sharma, 2005; Al-Homaidan, 2015; Rinanti, et al., 2017; Kumar et al., 
2018). 
 
3. THE ADVANTAGE OF BIOSORPTION METHOD COMPARED TO PHYSICOCHEMICAL 
SORPTION METHOD 
 
Biosorption is an alternative method that could be used to overcome environmental pollution. 
The biosorption process is heavy metal removal process carried out by utilizing microorganisms, 
especially microalgae as biosorbent. According to Rinanti, et al., (2017), biosorption is an 
adsorption process that allows the interaction and formation of complex ions, between heavy 
metal ions and functional groups on the cell walls of microalgae. The process of sorption or 
metal binding can be carried out by inactive (dead) or living organisms. 
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The advantages of the heavy metal biosorption method are fast processing, the high 
removal rate at low concentrations of heavy metals, and selectivity. In addition, the biosorption 
process is efficient, environmentally friendly, cost-effective, and less waste. Both low and high 
concentrations of heavy metals in industrial wastewater can be removed by low concentrations 
of biosorbent. Thus, sorption by microalgae is a profitable and economically feasible method of 
heavy metal removal. Some of the advantages and disadvantages of heavy metal removal by 
physicochemical methods compared to biosorption can be seen in Table 2 (Goldman, 1974; 
Kushwah, 2015; Lestari, 2016; Goher, 2016, Cheng et al., 2017; Tahad and Sanjaya, 2017; Xu, 
2018). 
 
Table 2 Disadvantages and advantages of physic-chemical methods over biosorption 
 
Methods Disadvantages Advantages 
Chemical precipitation 
and filtration 
Separation is difficult, ineffective and 
produces sludge 
Easy maintenance, relatively low 
cost 
Chemical oxidation and 
reduction 
Requires chemicals, slow reaction, and 
sensitive 
- 
Electrochemical Expensive and can only be done for 
high concentration 
There is a release/gain of metal 
Osmosis High pressure, scale may form, and 
expensive 
Produced pure effluent 
Ion exchange Expensive resin prices More effective, pure effluent 
produced and metal recovery 
through desorption 
Adsorption The price of the adsorbent is expensive 
and less effective 
The most commonly used method 
Evaporation It takes a lot of energy, is expensive, 
and produces sludge 
Produced pure effluent 
Biosorption Depending on the level of metal toxicity 
to cells, requires nutrients, and metals 
cannot be separated directly with 
biosorbent 
Low operating costs, minimize the 
use of chemicals so as not to cause 




4. FACTORS THAT INFLUENCE BIOSORPTION 
 
The biosorption process takes place naturally to reduce the concentration of heavy metals in 
the waters. Characteristics of microalgae in waters, concentration of microalgae biomass, 
contact time, and surface area of biosorbent will affect the effectiveness of biosorption. In 
addition, biosorption is also influenced by the type of biomaterial, pH, and initial concentration 
of metal ions, which are described as follows: 
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1. Microalgae Characteristics. Nutrient ratio (Carbon: Nitrogen: Phosphorus) and 
physiological age of microalgae affect heavy metal removal efficiency. The microalgae 
phenotype factors that have an important role in the absorption of heavy metals are the 
structure and components of the cell wall. The structure and components of the cell wall 
greatly determine the biosorption ability of heavy metals because the cell wall is the first 
structure that interacts with metal ions. The binding of metal ions occurs due to the 
presence of charged functional groups that act as metal receptors through ionic bonds and 
covalent bonds (Kushwah, 2015; Lestari, 2016; Goher, 2016, Cheng et al., 2017; Rinanti               
et al., 2017; Kumar, 2018); 
2. Biomass Concentration. The less biosorbent used, the less metal that can be removed. 
Different biomass provides varying affinity for absorbing metals. Some of the biomass 
showed considerable absorption of a heavy metal, while other biomass could not show a 
specific bond with the metal. This occurs due to the difference in cell wall composition of 
each biomass so that different biomass provides varying affinity for absorbing metals. In 
principle, biomass contains several kinds of functional groups that interact with metals 
through ionic interactions, polar interactions and a combination of both (Edris, 2014; 
Mirghaffari et al., 2015; Goher, 2016; Lieswito, 2019); 
3. Initial Metal Concentration. Metal concentration will affect the efficiency of biosorption. 
Increasing the number of metal ions will increase competition between metals that can be 
combined with biomass. At a certain concentration, the removal of heavy metals will 
increase along with the increase in the initial metal concentration (Chalivendra, 2014; 
Cheng, J, 2017); 
4. Contact Time. The final metal concentration is affected by the contact time during 
biosorption. If the contact time between heavy metals and biomass is longer, the 
biosorption process will often run more perfectly. The longer the contact time, the better 
the diffusion process and the attachment of the adsorbed molecules (Rinanti et al., 2017; 
Purba, 2018; Lieswito et al., 2019); 
5. The composition of the growth medium could affect the biosorption of heavy metals and 
cause metal precipitation, thereby reducing the concentration of metals in solution. The 
pH value of the medium greatly affects the reactivity of functional groups that play a role in 
the binding of heavy metal ions. Furthermore, a medium containing more than one type of 
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metal will affect biosorption because the physicochemical properties of a metal will also 
affect other metals dissolved in the medium. The degree of acidity (pH) can affect the 
binding of biomass and metal solubility (Goher, 2016). The higher the pH value, the more 
metal is bound  (Anastopolous, 2015; Rinanti et al., 2017; Kumar, 2018); 
6. Temperature. According to Khuswah, (2015), temperature is a factor that affects the 
biosorption process because it can change the surface activity of microalgae cells. Although 
the biosorption process is exothermic, high temperatures can cause damage to microalgae 
cells so that the removal capacity of heavy metals decreases (Goldman, 1974; Abbas et al., 
2014). The effect of temperature on heavy metal sorption is explained by Chalivendra 
(2014) which states that high temperatures can absorb heavy metals higher than low 
temperatures. Kumar (2018) reported that the Cd (II) metal sorption process was carried 
out with temperature variations between 15oC-60oC. The high temperature allows cell 
death to occur. However, the sorption process can still take place. The use of Chlorella sp. 
as an inactive biosorbent, it is more effective because of the large number of functional 
groups that bind to Cd (II) metal. In addition, high temperatures can affect the breaking of 
bonds in the cell wall (Goldman, 1974; Cheng, 2017; Lieswito, 2019). 
7. The surface area of microalgae cells affects the absorption capacity of heavy metals. The 
wider the surface area, the heavier metals that can bind to the functional groups on the 
surface of microalgae cells. 
 
Edris et al., (2014) said that an increase in removal efficiency could occur due to an increase 
in the number of active sites and the available surface area. The decrease in the removal 
efficiency of heavy metals by microalgae can occur because the microalgae cells as biosorbent 
have experienced a saturation point, meaning that they have reached the limit of their ability to 
absorb heavy metals. 
 
5. MICROALGAE AS BIOSORBENT 
 
According to Ariyanti and Handyani (2012), microalgae are organisms that have photosynthetic 
pigments that are green (chlorophyll), brown (phycoxanthin), turquoise (phycobilin), and red 
(phycoerythrin). Campbell (2002), stated that morphologically microalgae can be single cells or 
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can form colonies that can live in all waters. In addition, microalgae are primary producers 
because they can synthesize complex organic bonds from simple organic compounds.  
Barus (2002) and Campbell (2002), explained that based on their size, microalgae are 
divided into several groups, namely 1) Ultra plankton measuring less than 2, all of which are 
bacteria; 2) Nanoplankton measuring between 2-20, in the form of phytoplankton;                             
3) Microplankton measuring between 20-200, namely phytoplankton and zooplankton;                       
4) Macroplankton measuring between 200-2000; Megaloplankton measuring more than 
2000. Furthermore, according to Barus (2002), microalgae can be distinguished based on their 
life cycle, namely Holoplankton, namely microalgae whose life is as plankton; Meroplankton is a 
microalga whose life is only part of its life cycle as plankton.  
According to Campbell (2002), microalgae are eukaryotic autotrophic protists that have 
chloroplasts, flagella, cell walls, and food reserves. Microalgae are primary producers whose 
productivity is greater than higher plants. As a producer, microalgae carry out the process of 
photosynthesis which requires sunlight. The results of photosynthesis can be used as a source 
of energy by organisms at the next trophic level. Rinanti and Purwadi (2018), explained that 
microalgae are photosynthetic which means they live by utilizing light energy. The presence of 
chlorophyll and other compounds in microalgae helps in the process of photosynthesis. 
In the process of photosynthesis, light is an important factor. Light energy will be converted 
into chemical energy by the activity of chlorophyll. Campbell et al., (2002), said that 
photosynthesis is known as the process of changing light energy into chemical energy in 
molecules derived from CO2 and H2O. Photosynthesis from light capture will be absorbed by the 
green pigment. Photosynthesis of microalgae is organized in specialized organelles such as 
chloroplasts, thylakoids containing a lipoprotein membrane layer and a stroma. Several factors 
that affect photosynthesis are the availability of carbon dioxide (CO2), light, and chlorophyll. 
Wang, et al., (2007), explained that microalgae as photosynthetic microorganisms are able to 
capture solar energy and carbon dioxide (CO2) about 10 to 50 times compared to higher plants. 
Photosynthesis can be expressed as a redox (reduction-oxidation) reaction by utilizing light 
energy to convert inorganic carbon dioxide (CO2) and water into carbohydrates and oxygen. 
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Open Pond a. Low operational cost 
b. Easy maintenance 
c. Low energy consumption 
a. Low efficiency level 
b. Easily contaminated 
c. Requires long period of time 
d. High carbon dioxide (CO2) loss 
factor 
Tubular Photobioreactor a. Low operational cost 
b. Efficient for outdoor usage 
c. Broad lightning area 
a. Accumulation of oxygen 
b. Requires large space  
 
Flat Photobioreactor a. Decreases oxygen (O2) 
accumulation 
b. Easy maintenance 
c. High biomass productivity 
d. Easy sterilization process 
e. Low operational cost  
a. Low efficiency level  
b. Low lightning surface area  
c. Difficult temperature 
arrangement  
Column Photobioreactor a. High mass transfer  
b. High efficiency level  
c. Low energy consumption  
d. Easy to sterilize 
a. High operational cost  
b. Possesses risk of microalgae death  
c. Low lightning surface area  
Source: Wang, 2009; Rinanti et al., 2013; Khuswah, 2015 
 
Microalgae can be cultivated in an outdoor open pond or in a photobioreactor that can be 
placed indoors or outdoors. Both of them have advantages and disadvantages. Open pond is a 
microalgae cultivation system that is operated continuously. Based on biomass production, the 
open pond system is less efficient because the temperature fluctuates, evaporation cannot be 
prevented and the mixing is not perfect. The open pond system is equipped with a paddlewheel 
which is used for the circulation process so that the availability of oxygen is sufficient, the 
nutrients are perfectly mixed and finally the microalgae grow well. Rinanti et al., (2013) and 
Khuswah (2015) explained that the close pond photobioreactor is a microalgae cultivation 
system that is resistant to contaminants. There are many types of photobioreactors based on 
their shape, namely flat photobioreactors, tubular photobioreactors, column photobioreactors, 
and a combination of the three forms of photobioreactors. 
Ariyanti and Handayani (2012), said that closed cultivation systems are used to overcome 
contamination and evaporation problems that occur in open pond systems. Unlike the open 
pond system, the close pond system is placed on open land to get sunlight. Furthermore, 
according to Rinanti et al., (2013), the close pond photobioreactor system can be optimized 
according to the characteristics of microalgae. Several parameters that need to be controlled in 
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this system are temperature, concentration of carbon dioxide (CO2), and pH level. Wang, (2009) 
also explained that the open pond and close pond photobioreactor systems have advantages 
and disadvantages which are described in Table 3. 
According to Campbell (2002) and Kumar, (2018) microalgae cultivation is strongly 
influenced by abiotic factors, namely temperature, pH, light, carbon dioxide (CO2), salinity, and 
nutrients. In addition, biotic factors, namely the physiological characteristics of microalgae 
themselves, as well as the technology used in microalgae cultivation also affect the growth of 
microalgae. Environmental factors that influence the success of microalgae cultivation are as 
follows: 
1) Initial Metal Concentration. Metal concentration will affect the efficiency of biosorption. 
Increasing the number of metal ions will increase competition between metals that can be 
combined with biomass. At a certain concentration, the removal of heavy metals will 
increase along with the increase in the initial metal concentration (Chalivendra, 2014; 
Cheng, J, 2017); 
2) Temperature. Most microalgae can grow at a temperature of 15oC to 40oC. Campbell 
(2002) explained that an increase in temperature at a certain level affects the growth rate 
of microalgae. 
3) Degree of acidity (pH). Most microalgae can grow at pH 6 to 8. Rinanti et al., (2013) also 
reported that very low or very high pH can cause inhibition of microalgae growth. 
4) Nutrients. Most microalgae require macronutrients and micronutrients. Micronutrient 
requirements are used to increase cell growth and metabolism. 
5) Carbon dioxide (CO2). The process of photosynthesis in microalgae requires carbon dioxide 
(CO2). Very high carbon dioxide (CO2) can cause inhibition of microalgae growth. 
6) Light. The increase in light intensity affects photosynthetic activity. Lieswito et al., (2019), 
reported that indoors can be done using TL lamps with a light intensity of 2500-4000 lux. 
7) Salinity. Some seawater microalgae are susceptible to changes in salinity in the medium. 
8) Stirring. Stirring aims to mix nutrients and increase the diffusivity of carbon dioxide (CO2) 
gas. There are two methods of stirring, namely Paddle (automatic mixer) and Bubbling 
using air (Purba, 2018). 
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Environmental conditions affect the growth of microalgae. The growth pattern of 
microalgae is indicated by the cell density. According to Goher (2016), the growth of microalgae 
can be observed if there is a change in terms of the number of cells, biomass, and primary 
metabolites produced. Barus, (2002), explained that the amount of nutrients in the growth 
medium will decrease if the density of microalgae cells increases. The growth phase of 
microalgae has four phases, namely the lag phase, the exponential phase, the stationary phase, 
and the death phase (lysis phase). Growth media is one of the important factors that can affect 
the age difference in the exponential phase. 
 






Removal % Sources 
Spirulina plantesis Cu2+ pH 7 90.6% Al-Homaidan et al., 2013 
Scenedesmus obliquus Cu2+ pH 6 65.54% Rinanti et al., 2018 
Anabaena sphaerica Cd (II) pH 5,5 84.5% Aty et al., 2013 
Chlorella vulgaris Cd (II) Temperature 
25oC 
96.8% Cheng et al., 2017 
Scenedesmus 
quadricauda 
Cd (II) Temperature 
22,3 oC 
82% Mirghaffari et al., 2015 
Ulfa latuca Cd (II) Temperature 20 
oC, pH 5 
85% Lupea et al., 2012 
 
 
Microalgae have a high ability to remove heavy metals. This is indicated by the presence of 
functional groups owned by microalgae, so that heavy metals can be bound or absorbed. 
Microalgae biosorbent can be used repeatedly (Rinanti et al., (2017). As a biosorbent, 
microalgae are good bio-remediators because they have cell walls that contain functional 
groups that can absorb heavy metals, do not require additional nutrients, low operating costs, 
minimal sludge produced, and the availability of microalgae as raw materials is very abundant 
(Wang and Chen, 2009; Rinanti et al., 2017). The use of microalgae as a biosorbent has been 
reported by many researchers in the last 10 years (Table 4). 
 
6. MICROALGAE BIOSORPTION MECHANISM 
 
The mechanism of heavy metal removal by microalgae takes place based on the principle of ion 
exchange, is reversible and takes place quickly. This alternating process of binding heavy metal 
ions on the cell surface can occur in living microalgae cells and dead microalgae cells. The basic 
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principle of biosorption by microalgae is the substitution of functional groups with heavy 
metals, so that one element in the functional group can be replaced by heavy metal ions. The 




Figure 1 Biosorption mechanism 
 
 
Based on Figure 1, the biosorption mechanism occurs on the cell wall surface due to ionic 
interactions between metal cations and macromolecular functional groups. This mechanism can 
be divided into 3 (three) ways, namely: based on cell metabolism (processes that depend on 
metabolism and processes that do not depend on cell metabolism); based on the position of the 
removed heavy metals (extracellular accumulation/precipitation, intracellular accumulation and 
absorption by the cell surface); and based on the method of taking heavy metals (Wang, 2009; 
Chalivendra, 2014; Goher, 2016, Lestari, 2016). 
Kumar, (2018) explained that heavy metal sorption can take place in Passive Uptake and 
Active Uptake. Passive uptake is known as biosorption. This process occurs when heavy metal 
ions are bound to the cell wall in two different ways. First, there is ion exchange, namely 
monovalent and divalent ions such as Na, Mg and Ca in the cell wall replaced by heavy metal 
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ions, and second is the formation of complexes of heavy metal ions with functional groups such 
as carbonyl, amino, thiol, hydroxy, phosphate, and hydroxy-carboxyl which are in the cell wall. 
This biosorption process is reversible and fast. This alternating process of heavy metal bonding 
on the cell surface can occur in dead cells and living cells from a biomass. The biosorption 
process can be more effective at a certain pH level. Heavy metals can be precipitated as 
insoluble salts. For example, the optimum pH for the biosorption of Pb, Ni and Cu ions by 




Figure 2 Passive and active uptake 
 
 
Active Uptake can occur in various living cells. This simultaneous mechanism occurs in line 
with the consumption of metal ions for the growth of microorganisms or the intracellular 
accumulation of these metal ions. Heavy metals can also be deposited in the process of 
metabolism and excretion. This process is energy dependent and its sensitivity to different 
parameters such as pH, temperature, ionic strength and light. In addition, this process can be 
inhibited by low temperatures, unavailability of energy sources and inhibitors of cell 
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metabolism. On the other hand, the biosorption of heavy metals by living microalgae cells is 
limited because the accumulation of heavy metal ions can cause toxicity to microalgae. 
The two mechanisms above can run simultaneously (Figure 2). In some studies, cadmium 
binding to the cell walls of Ankistrodermus and Chlorella vulgaris accounts for approximately 
80% of the total accumulation in cells. Selective uptake of metal ions between living and dead 
cells of chlorella vulgaris showed that the number of heavy metals adsorbed by dead cells was 
approximately two times greater than that absorbed by living cells. Proteins and 
polysaccharides play an important role in the biosorption process of heavy metal ions. Many 
studies have reported that those that play an important role in the biosorption process are 
carboxyl, hydroxyl and amino groups in proteins and chitin/chitosan in cell walls. 
On the surface of the cell wall, ionic interactions occur between metal cations and 
functional groups of macromolecules. The strength of the interaction depends on the ionic 
radii, the charge of the metal ion, the degree of ionization of the anion, the pH and the 
competition of a certain positive charge with the polymer. This interaction occurs in functional 
groups that are partially negatively charged such as carboxyl groups (Chambell, 2002; 
Anostopolous, 2015). 
Furthermore, polar interactions occur when the polysaccharides that make up the cell walls 
of biomass such as chitin and chitosan can form complexes with transition metal ions through 
interactions between cations and polar groups such as -OH, -NH2 and C=O. A cation with a high 
polarization power is favored by the ligand as a center of high-density positive charge, resulting 
in a strong interaction. Complex formation depends on the ability to interact with several 
groups in macromolecules that function as ligands to form chelates (Campbell, 2002). 
Proteins contain many ionic groups and other polar groups, so the interaction with metal 
cations becomes very strong and non-specific. Some proteins on the cell surface or proteins 
that seep from the membranes or cytoplasm of dead cells can bind to cations in this way. The -
SH group contained in metallothionine forms a more powerful and specific complex with 
several toxic metals (Campbell, 2002). The process of microbial interaction with high 
concentrations of metals can cause toxic effects. At high concentrations, metals will be induced 
into cells as a mechanism of resistance or manifestation of toxicity. Heavy metals that are 
induced into cells will trigger the formation of free radicals. These free radicals will be strongly 
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bound to proteins and DNA, damage the integrity of cell membranes, inhibit enzyme work, and 
can cause cytoplasmic release which will change cell morphology (Shah, 2005; Wang, 2009). 
 
7. MICROALGAE BIOSORPTION MECHANISM 
 
Atomic Absorption Spectroscopy (AAS) instrument is a tool used to determine metallic elements 
in a sample in the form of a solution. The basic principle of Atomic Absorption Spectroscopy 
(AAS), which is the process of removing energy by atoms at the ground state (Lestari et al., 
2016). The absorbed radiation is measured in absorbance. The Atomic Absorption Spectroscopy 
(AAS) method pays attention to qualitative aspects, namely the presence of specific atomic 
absorption at certain wavelengths and quantitative aspects, namely aspects based on the 
Lambert-Beer law which states that the amount of light absorbed is proportional to the number 
of atoms that absorb. 
Fourier Transform Infra-Red (FTIR) analysis which aims to determine the functional groups 
contained in the cell walls of microalgae, which consist of carboxyl, hydroxyl, amine, and sulfate. 
The Fourier Transform Infra-Red (FTIR) instrument is an instrument that operates using 
spectroscopic principles. In this method, the Fourier transform is used which functions to detect 
and analyze the spectrum results. The working principle of Fourier Transform Infra-Red (FTIR) is 
the interaction between matter and energy. In addition, Fourier Transform Infra-Red (FTIR) is a 
method used to observe the interaction of molecules with electromagnetic radiation at a 
wavelength of 0.751000 m or at a wavelength of 13000-10 cm-1. The Fourier Transform Infra-Red 
(FTIR) instrument has three types of infrared radiation based on wavelength and wave number 
as shown in Table 4. 
 
Table 5 Utilization of microalgae as biosorbent 
 
Area Wavelength (µm) Wave Number (cm-1) 
Close Infra-red 0,78-2,5 12800-4000 
Middle Infra-red 2,5-50 4000-200 
Far Infra-red 50-100 200-10 
 
 
Analysis using Fourier Transform Infrared (FTIR) on the sorption of heavy metal Cd (II) by 
the microalgae Chlorella sp. explained by the results of research by Kumar et al., (2018), as 
shown in Figure 3. 
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Based on the results of the Fourier Transform Infrared (FTIR) analysis in Figure 3, it appears 
that there are several functional groups on the surface of the cell wall of the microalgae 
Chlorella sp. as a biosorbent. The broad peak of about 3485 cm-1 belongs to the -NH and -OH 
groups, the strain frequency about 2945 cm-1 is associated with -CH, the peak at 1674 cm-1 
indicates the vibrational frequency of the carbonyl group (C=O), 1267 cm-1 is assigned to -CH3 
group (Cheng, 2017). The other lower peaks were ascribed to the C-N and -C=S groups (Kumar, 
2018). After absorbing Cd (II) ions, the various vibrational frequencies are reduced which 
confirms the formation of bonds by Cd (II) into carboxyl, carbonyl, hydroxy, amine and amide 
groups. Chlorella sp. have functional groups that are able to react with metal ions in solution so 
that they can be exploited to overcome environmental pollution due to exposure to heavy 




Figure 3 Fourier transform infrared analysis (Kumar et al., 2018) 
 
 
The Scanning Electron Microscope (SEM) instrument is an electron microscope that can 
produce high-resolution images of the sample surface and produce dimensions of less than 1 
nm. In addition, the image on the Scanning Electron Microscope (SEM) has a depth that can 
produce a three-dimensional display of features that help to understand the surface structure 
of the sample. In the Scanning Electron Microscope (SEM), electrons will react with atoms, so 
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that the sample produces a signal that contains information about the topography and 
composition of the sample surface (Purba, 2018). 
Scanning Electron Microscope (SEM) analysis aims to describe the surface shape or 
morphology of microalgae cells after the sorption process takes place. The surface area after 
the Cd (II) metal sorption process by the microalgae Chlorella sp. explained by the results of 
research by Kumar (2018), as shown in Figure 4. Kumar (2018), reports that based on the results 
of the analysis using a Scanning Electron Microscope (SEM) it can be concluded that the larger 
the surface area produced, the more biosorbent the biosorbent will produce has the ability to 
remove heavy metals higher due to the large number of metal ions that can be bound to the 




Figure 4 Scanning electron microscope (SEM) analysis a) before the biosorption process                                               
b) after the biosorption process (Kumar et al., 2018) 
 
Based on Figure 4, it appears that on the cell wall there is a porous heterogeneous surface 
that has voids and is uneven when the biosorption process has not taken place. However, after 
the biosorption process took place, the pore structure on the cell wall surface of the microalgae 
Chlorella sp. not visible. Only large cracks were seen. Purba (2018), also reports that the results 
of the Scanning Electron Microscope (SEM) analysis can give different results according to the 
character of the sample being analyzed based on speed, surface roughness, particle size, and 
material homogeneity. 
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8. ADSORPTION ISOTHERM 
 
An adsorption process can be studied by the adsorption isotherm equation. The commonly used 
adsorption isotherm equations are the Freundlich isotherm and the Langmuir isotherm. The 
adsorption kinetics aims to show the rate of removal of the adsorbent from the adsorbate. Lee, 
et al., (2011); Al-Homaidan, (2013); Edris (2014); Cheng (2017); Tahad and Sanjaya (2017) 
stated that adsorption kinetics aims to estimate the adsorption rate. In addition, the calculation 
of the heavy metal sorption isotherm was carried out to obtain a representative picture of the 
biosorption process described using the graph obtained. 
 
9. FREUNDLICH ISOTHERM 
 
Calculations using the Freundlich Isotherm equation were carried out with the aim of showing 
an overview of the relationship between the amount of substance absorbed and the 
concentration of the substance in solution indicated by Log qe and Log Ce. Ce is the balance of 
adsorbate in solution after the adsorption process. The Freundlich isotherm curve shows an 
illustration of the relationship between Log Ce and Log qe, as well as the value of n and the 
Freundlich constant (Kf). The value of the Freundlich constant (Kf) is the result of the absorption 
capacity of a biosorbent. The higher the value of the Freundlich constant (Kf) obtained, the 
higher the absorption capacity. The value of n obtained in the Freundlich Isotherm equation is 
the degree of nonlinearity between the concentrations of heavy metal solutions. If the R2 value 
obtained is close to 1, it means that the equation is able to interpret the data well. The 
Freundlich isotherm is based on the formation of a multilayer layer of adsorbate molecules on 
the surface of the adsorbent and is heterogeneous (Sembodo, 2005; Al-Homaidan, (2013); 
Tahad and Sanjaya, 2017). 
 
10. LANGMUIR ISOTHERM 
 
Langmuir isotherm is used for uniform adsorbent surface, the adsorption energy is constant on 
each side, all adsorption processes are evenly distributed on the adsorbate surface, and each 
side of the adsorbent can only adsorb the adsorbate molecules. Calculations using the Langmuir 
Isotherm equation were carried out as a comparison for the calculation of the Freundlich 
Isotherm equation with the aim of describing the adsorption side limitation indicated by the 
relationship between the Ce value and the Ce/qe value. The Langmuir isotherm curve shows an 
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illustration of the relationship between the values of Ce and Ce/qe, the value of the empirical 
constant (b) and the value of the maximum capacity (a). If the R2 value obtained is close to 1, it 
means that the equation is able to interpret the data well (Edris (2014); Chalivendra, (2014); 
Cheng (2017); Tahad and Sanjaya (2017). 
 
11. CONCLUSION  
 
Biosorption is a promising waste processing technology to remove/eliminate heavy toxic heavy 
metal with environmental-friendly, efficient and relatively economical compared to 
physicochemical metal removal methods. Important variables that should be noticed during 
heavy metal removal by microalgae are suitable biomass selection, initial treatment, deposition 
time, and process contact time (cellular immobilization, pH), biomass concentration, separation 
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